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FOREWORD 


This report was prepared under Work Order No. 086412 of Contract No. 
N00014-78-C-0204 in support of a U.S. Naval Postgraduate School research 
project sponsored by the Naval Air Systems Command, AIR 370 and Naval 
Avionics Center, Indianapolis. The report contains an analysis of 
aircraft measurements of micrometeorological parameters made at Panama 
City, Florida in 1978. 
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ABSTRACT 


BOM, for the Naval Postgraduate School (NPS), with the cooperation of 
7 Airborne Research Associates (ARA), specifically the excellent support 
of Dr. Ralph Markson and Mr. Jan Sedlacek, obtained a series of aircraft 
measurements of atmospheric properties in conjunction with a NAVAIR- 
sponsored joint environmental field investigation at Panama City, Florida 
in November and December of 1978. The joint field experiment was coordi- 
nated by Naval Avionics Center (NAC). Funding for ARA participation and 
partial funding for NPS participation was provided by NAC. This program { 
is concerned with aerosols and fog in the marine boundary layer. This 
report provides an analysis of the aircraft data and is intended as a Ig 
guidebook for other groups. Calibration, data reduction, flight tech- 
niques and intercomparisons of certain instruments are discussed. Very | 
careful measurements of the boundary layer, including the near surface iq 
layer, are emphasized along with the application of Monin-Obukhov simi- j 
larity theory. : 
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A. INTRODUCTION 


This document is a preliminary analysis and listing of micrometeoro- 
logical data obtained from aircraft measurements. during the 2nd NAVAIR- 
sponsored Marine Fog and Boundary Layer field experiment at Panama City, 
Florida (hereby designated PC II). This was a joint field experiment co- 
ordinated by the Naval Avionics Facility (NAC). The measurements were made 
from a Bellanca Turbo Viking aircraft operated by Airborne Research Associ- 
ates. The Naval Postgraduate School Environmental Physics Group provided 
additional instrumentation and data acquisition equipment. 

‘Thirteen flights were made on ten different days from 26 November 1978 
to 13 December 1978. The typical flight duration was approximately three 
hours. Three types of flight pattern were employed for specific environ- 
mental characterization: low-level, constant altitude runs for sea surface 
temperature maps, spiral ascents and descents for surface-to-altitude pro- 
files, and "ladder" profiles obtained from level runs of two minutes 
duration at successively increasing altitudes for marine boundary layer 
turbulence structure. A printout of the primary variables of interest for 
each flight is presented as a time series (32 second average).-im Appendix ~ 
B. A Similar printout for ea¢h ladder profile (a series of two minute 
averages at constant altitude) is, presented. in Appendix C. Since a full 
data scan is recorded on the cassette at 3.2\ second intervals, finer time 
resolution can be obtained if necessary. \ 

The primary purpose of this report is to provide a catalogue of the 
atmospheric data to the other participants as quickly as possible. Consid- 
erable effort has been directed toward comparing aircraft measurements with 
Stage I data and examining the reliability of various instruments. 


B. INSTRUMENTATION 


1. Description 
The primary measurements are summarized in Table I, followed by a 


more detailed description. The instruments are listed in order of their 
assigned channels on the data acquisition system. 


1 
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CHANNEL 
NUMBER 


1 


ao oO SP WY FY 


11 
12 


TABLE I. 


DATA 


NAME 
Air pressure 
Air temperature 
Dew point 
Sea surface T 
Electric field 


Temperature 
structure 


Dissipation rate 
Hot-wire voltage 
Dissipation rate 


Temperature 
structure 


Air temperature 


Air refractivity 


AIRCRAFT INSTRUMENTATION AND DATA ACQUISITION CHANNELS 


TYPE 
Solid state 
Platinum resistor 
Aluminum oxide 
Infrared radiometer 
Radioactive probes 


Microthermal, AC bridge 


Hot-wire, f, = 10 Hz 
Constant T anemometer 
Hot-wire, fg = 50 Hz 


Microthermal, DC bridge 


Thermistor 


Microwave cavity 
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In addition to this data, certain information was occasionally 
logged by hand from other aircraft instruments such as: altitude, position, 
air speed, and weather observations. Direct measurements of dew point were 
made by holding a wet-dry bulb psychrometer out the window. 

The calibration of the instruments appears as a mathematical re- 
lationship between the physical value, X, and the actual voltage, V 


X = F(V) 


: For instance, in the case of atmospheric pressure, 10 volts corresponds to 
1000 mb, hence 
P = 100 V, mb 


The following is a channel-by-channel rundown of the data: 
(1) Air pressure: This is a solid state device (National Semiconductor) 
provided and calibrated by NAC. 
P = 100 V, mb 
(2) Air temperature: A platinum resistor (Rosemount Instruments) with 
a nominal 50 resistance, designed for aircraft use. The device 
was calibrated against a high precision mercury-glass thermometer. 


T = (V - 0.07)/0.0187, °C 


(3) Dew point temperature: An aluminum oxide conductivity device 
(Panametrics), it has a somewhat variable calibration curve. 
This device malfunctioned for most of the experiments. 


-1 V-Vy ° 
Ty = B log (+) ee 


Typical values for the calibration parameters are 


V5 = 0.03 


= 0.22 
0.024 


o yp 
" 


siemens - | 
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(4) Sea surface temperature: Infrared radiometer (Barnes PRT-5). 


Ts = 10(V - 1), °C 


(5) Electric field: Ralph Markson's radioactive probe electric 
field device. This device was not properly balanced during 
the first part of the experiment. The situation was corrected 
at 1020 on December 11 during flight #9. Prior to this, the 
E values tended to be about a factor of two too large. 


E = 795 V/1.21, V/m 


Temperature structure function: AC bridge measurement of CT 
using paired microthermal tungsten probes. 


(v2 - evy7)/ f[oeeal/3r (1+ at)}? 


= noise level, (0.001 volts)? + velocity contribution 


0.0026, °c7! 

bridge sensitivity, 14.7 V/Q 

probe separation, .85m 

probe ice point resistance 

ambient temperature 

0.004, °c! 
Note: the velocity contribution to VN2 is due to the sensitivity 
of the microthermal temperature sensors to velocity fluctuations. 
Given the large current to the sensor (10 ma) this can be a large 
effect in some circumstances. 
Rate of dissipation of turbulent kinetic energy (€): This quantity 
is obtained from analyzing the fluctuations in velocity in a frequency 
band determined by filters set at lower (fy) and upper (fy) frequency 
limits. The velocity fluctuations are sensed by hot tungsten wires 
(4.5u dia.) operated with a constant temperature anemometer bridge 
(Thermo Systems, Inc.) set for a 50% overheat on the ground. If we 
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(8) 


(9) 


(10) 


define 


X = (272/83 is a "32 


y= B (P/1013)* (2e8/(T + 273))* (ABT) 
then 
3 
€ = 619 U? X oo 
where 


f, = lower frequency limit, usually 10 Hz 

- upper frequency limit, 500 Hz 

= hot wire sensitivity, typically 1.0 v/ (m/sec) 

= pressure, mb 

temperature, °C 

= relative air speed, m/sec 

= mean hot-wire DC level, V (channel 8) 

= gain, typically 1000 

Note that the data recorded on channel 9 is essentially the same 
except fp is set at the higher value of 50 Hz. Thus, the designa- 
tion of channel 7 as €, lo and channel 9 as e€, hi. 

Mean hot-wire voltage: This is the mean OC voltage level of the 

hot-wire system. This quantity is used because the sensitivity of 

the hot-wire is a function of the air speed, temperature and pres- 

sure in a manner that is partly indicated simply in V. The charac- 

teristics of the hot-wire are expressed by 


vey eB /u 


OAC HU O Mm 
" 


where ¥ is typically 2.7 volt? and B is typically 1.0 v7 (m/sec)? 
at standard one atmosphere conditions. 

Similar to 7 except fp = 50 Hz. This is the channel actually used 
for € given in the tables. 

Temperature structure function: DC bridge measurement of Cy using 
the same probes as 6 (AC system). In this case the current to the 
sensors was 5 ma. The Cy calculation is the same as 6, with the 


sh A th LLANE ALLELE 
i lc a ln Serer tee set tae 
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following system parameters 

V2 = (.0015 volt)2 + velocity contribution 
0.0026, °c~! 

gain, typically 100 

= 20 V/Q 


= 


a0 D eg 
“ 


8 = 0.004, °C 
(11) Air temperature: Thermistor mounted just forward of the microwave 
refractometer cavity. 
T = -10 V + 0.8, °C 
(12) Air refractivity: NAC microwave refractometer. We have calcula- 
ted N from this device using 


N= 50 V - No 


with No = 53.5. More accurate values of N can be obtained by cor- 


recting for temperature, thermal time constant and air speed effects. 


2. Data Acquisition 

The data scanning system was controlled by an HP9825 (Hewlett-Packard) 
desktop computer using an IEEE 488-1975 interface bus (HP-IB). Each scan of 
all 12 variables required 3.2 seconds and is defined as a line of data. The 
computer accumulated 50 lines of data, defined as a file, which were recorded 
on the computer's magnetic tape cassette at 2.7 minute intervals as a split 
precision string array named R$[I], where I = 1 to 50. The local time corres- 
ponding to I = 1 was also recorded as a string T$, where T$ = "mm:dd:hh:nn:ss“ 
or month:day:hour:minute:second. The cassette contains two tracks (0, 1) with 
54 files per track for a maximum of nearly five hours of data. 

The following short program illustrates the reading and decoding of the 
raw voltages. 

dim T$(14], R$[50,48], R 50,12] 

ent "track - 0,1", T 

ent "file#", F 

trk T; Idf F, T$, R$ 

for I = 1 to 50 

for J = 1 to 12 
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stf (R$(I, 4(J - 1) + 1, 40)) +R[I,0] 

next J 

next I 
At this point, R[I,J] contains the voltages read, where I = 1 to 50 (line #) 
and J = 1 to 12 (channel #). Note that this process requires the String/Adv 
Prog. ROM. 


C. THEORETICAL FRAMEWORK 


1. Surface Layer Scaling 
Although this is primarily a data report, a considerable amount of 


the more advanced stages of analysis is expressed in concepts and quantities 
developed in atmospheric boundary layer theory. In view of this, we will 
sketch out those parts of the theory required to at least define the quanti- 
ties that appear in the analysis. Those interested in a more complete treat- 
ment should refer to the AMS Workshop edited by Haugen (1973) or the recent 
paper by Kaimal, et al. (1976). This theory is usually called Monin-Obukhov 
Similarity (MOS). 
The boundary layer is that part of the atmosphere where friction i 
with and heating by the surface play an important part in the generation of 
turbulence. Near the surface the turbulence properties can be scaled in 
terms of the Reynolds stress, To and the surface sensible temperature flux, 
> using Monin-Obukhov Similarity, where departures from neutral equilibrium i 
are parameterized by Z/L. The velocity and temperature are scaled by U, and | 
T, and stability, L, 


T° u,? (la) | 

| 

% = “Uy, Ve (1b) 

2 
s 20 

L mG tee (1c) 

where pis the density of air, % is the surface sensible temperature flux, 
T is the absolute temperature, Ty the virtual potential temperature, g the 


acceleration of gravity, and« is von Karman's constant (we have used « = 
0.35). Tye is related to the water vapor mixing ratio scaling parameter, q,, 


” a eee reer eee rac ee Eee 
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4 


by Tye * Te + 6.1 x wm” Te, (2) 


The mean wind speed (U) and virtual potential temperature can be 
represented by the following height dependent gradients 


U 
aU/aZ = Ho, (E) (3a) | 
Ty. 
dT\/az = axt ?H (é) (3b) 1 


where &€ = Z/L, 4= 1.35 and mn and >, are stability correction functions. 

The turbulence of the atmosphere manifests itself as fluctuations 
in wind velocity, temperature, and other properties. In the inertial sub- 
range of locally isotropic turbulence (the so-called "5/3 region") the one- 
dimensional fourier power spectrum of fluctuations of wavenumber k can be 
represented as 


Sy(k) = 0.52 62/3 4-5/3 (4a) 


: 2 ,-5/3 (4b) 
Sy (k) 0.25 Cy k 

where € is the rate of dissipation of turbulent kinetic energe and is 
the temperature structure function parameter. Near the surface, e€ and Cy 
can be scaled by MOS 


2 


U 3 
c= ote fe (E) (5a) 
t «+ & 4-878 
2. Methods 


The utility of MOS is that, for instance, given T, and L, one can 
predict Ce at any height Z within the surface layer. One problem immediate- 
ly becomes obvious - how does one obtain the scaling parameters? Another 
major problem - to be discussed later - is the determination of the upper 
limits of the validity of the surface layer expressions. 


| 
id 


; 
, 


a 
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We have used two methods of obtaining the scaling parameters for 
the PC II data which we designate the “turbulence” method and the "bulk" 
method. The turbulence method is based upon the utilization of Eq. 5 with 
turbulence data very near the surface (Z/L << 1). In this limit, the f(&) 
= 1, permitting a simple calculation of U, and T,. From Eq. Ic we can now 
evaluate L. A few iterations of this process result in self-consistent 
values for the various parameters. 

The bulk method is based upon calculation of the scaling parameters 

from mean quantities only. Their relationship is obtained by integrating 
Eq. 3 from the surface to some reference height Z (usually 10 meters) 


y= Ye (un 2/2, = vy (ED) (6a) 


K 
Ty. 
Vo = aK (&n Z/Zo7 bi Yo (&)) (6b) 


where Zo and lor are the roughness lengths for U and T, To is the sea sur- 
face virtual potential temperature, and ¥(&) are stability correction func- 
tions. Since the details of this method are covered elsewhere (Davidson, et 
al., 1978 and Fairall, et al., 1978) we shall refrain from elaboration but 
will point out that U, and T, could be calculated from Eq. 6. Note that the 
atmospheric stability can also be expressed as 


5 
C 
-7n 2 592 [00+ .18 Ag) “TN H(E) 
E= Z/t om a — Ton (7) 


where Cry and Con are neutral stability drag coefficients and 


“Vn% 2 


H(&) = i eee Wey 
[1 - (ax)7" cra wo (E)] 


(8) 


3. Above the Surface Layer 
The MOS expressions are not valid throughout the entire boundary 


layer. Although the upper limits of validity are typically quoted as Z <¢ 
50 m, in fact, this limit is very dependent on stability, inversion height, 


teiaiasaszzsssssssssstasss,sasassussspussssasmsssssssssmnsssiiiimsagueaiimmiasee 
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and probably other factors. It also appears that Eq. 5 can be valid to much 
greater heights than Eq. 3. This is a vital area of research in marine 
boundary layer dynamics and was the primary motivation for making the ladder 
profiles. Presumably this data can form part of a data set that can be used 
to investigate this problem. 


DATA COMPARISON 


The initial data analysis was conducted using the relationships and 
calibration factors described in Section II. After the results were output, 
selected measurements from the aircraft could be compared with surface mea- 
surements (courtesy of Calspan on Stage I) or in flight wet-dry bulb measure- 
ments. The actual value of these comparisons is contained more in their 
ability to illustrate confidence levels than in absolute standards since it 
is not obvious, a priori, which of the measurements is the "correct" one. 

1. Stage I (Calspan) - Aircraft Comparison 

For those flights requiring the aircraft to be in the vicinity of 
Stage I, a fly-by data comparison was arranged. The Calspan people would 
specifically record readings from their instruments when the low level fly-by 
occurred. The data was relayed later by telephone. This data is summarized 
in Table II with appropriate bulk calculations of the MOS scaling parameters 
(assuming a level height of 27 meters). 

Measurements of air temperature, sea surface temperature and fric- 
tion velocity from Stage I were compared with those of the aircraft (Table 
III). The sea surface temperatures agree quite well whereas the aircraft air 
temperatures are systematically about 1°C higher than Calspan's. Given the 
uncertainty in the aircraft values due to variations in line voltage, one 
would assume that the Calspan measurements are more accurate (however, one 
should note the wet-dry bulb comparisons). The aircraft measurements of U, 
are obtained directly from the e data, while the Stage I values are obtained 
from bulk calculations and are determined primarily by the wind speed. 
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The agreement for U, is excellent except on 12/05 and 12/11. Since the 
winds were light and from a direction with possible tower influence, we 
suspect that the tower wind speeds were slightly low, although there are 
other possibilities (such as wave influence or inadequacies of the bulk 
model). 
2. Wet-Dry Bulb to Aircraft Comparison 
A complete listing of all in-flight wet-dry bulb measurements 
during PC II with corresponding values from the aircraft platinum tempera- 
ture sensor and the NAC refractometer is given in Appendix A. Let us de- 
fine the wet-dry bulb data as follows. 
D = dry bulb temperature 
e = measured value of water vapor pressure 
N. = value of N calculated from e 
Let us also define the aircraft data as follows: 
T = Pt air temperature 
N = measured refractivity 
.* water vapor calculated from N 
The following table summarizes the comparison of these data. 


TABLE IV. SUMMARY OF WET-DRY BULB DATA COMPARED WITH AIRCRAFT AIR 
TEMPERATURE AND REFRACTIVITY VALUES 


T= § “€ N - No e - e, mb 
Average -0.1 3.8 1.0 
0 0.9 3.3 0.8 


The immediate conclusion one reaches from these results is that 
No (Section IIA) should be increased to 57.3. This is consistent with the 
correction of 3.2 N units that one would expect due to the ram-air effect 
on the measurements at flight speed (the value of ., * 53.5 was determined | 
on the ground). 
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NOTE: The X and circled X represent Stage II and Stage I respectively. 
The numbers are the profile number designations. 


Figure 1. Locations of Ladder Profiles for PC II 
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TABLE V. LADDER PROFILE MOS SCALING DATA FOR PC II. ALSO GIVEN ARE 
THE HEIGHT OF THE INVERSION (OR BOUNDARY LAYER THICKNESS), 
zis AND THE NUMBER OF POINTS, N, IN THE PROFILE 


srofile Date ime * AL 2 q* ms 
(m/s) (Cc) (gm/kg) (m) (m) 
5. 400 Qt > - - - 
2 11/26 1436 U.29uU ~u.095 -U.1lovu -56 9uUU 
3 12/02 1405 0.240 =~) .135 -vU.130 -29 230 
4 UR: . 0 j 
5 12/03 1201 0.240 0.U15 -U.U13 42U 60 
) 12/03 1232 0.18U 0.024 0.009 12u ou 
(} 4 f) = ihe 5; 
8 12/05 1532 0.240 -0.260 -U.410 -15 7uUu 
9 12/05 1624 U0. 20u ~U.270 -U.4U0 -lo 70uU 
i -)_00 = 
ll 12/07 1601 0.235 0.025 u.ULO 171 LUV 
12 12/10 1259 0.53uU -0.420 0.000 -53 76d 
14 12/10 1410 0.32u 0.490 “0.490 -1> Jou 
15 12/10 1523 u.340 “0.400 -0.470 =i3 32u 


17 12AlL 102k u.280 0 «0.440 0-0. 430 -13 7u0 

18 12/12 -1642,Ss0.280 0-180 0-0. 50U -24 BOU le 
5 ee 1 5 aes: c ? 

20 12/13. 1459s.) 0.200 0. 420 “3 55 la 

21 12/13. L722 0.40 suey Ua dd -5 450 17 
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E. RESULTS 


1. Interpretation 
The time series printouts (Appendix B) are intended as reasonable 


representations of the relevant data for each flight. The following are 
not included: 

(1) Flight, 7 and 10, which were equipment test flights. 

(2) Data from the beginning and end of the flight, which were overland 

and greatly contaminated with radio traffic. 

(3) Redundant or non-functional instruments. 
No attempt has been made to eliminate data affected by RFI since some instru- 
ments were relatively uninfluenced. The data most severely affected by RFI 
were ey €, E, Nand e. The presence of RFI is most easily detected by look- 
ing for sudden, dramatic (even incredible) changes in these parameters. For 
instance, on Flight 1 at 1248:19, © changed from 1074 (a reasonable value) to 
10° (totally unreasonable) while e actually went negative - a sure indication 
that the pilot was using the radio. 

2. Ladder Profiles 

The ladder profiles provide a picture of the boundary layer and 

the regions of validity of the surface layer scaling. The MOS scaling data 
for each profile are given in Table V. The locations of the profiles are 
shown in Figure 1 according to profile number. An example of a ladder profile 
(Figure 2) is shown for illustration and explanation. The left hand part of 
the graph shows the mean data (virtual potential temperature and dew point), 
the right hand side shows the turbulence data (c,? and €). The extreme left 
hand side is a "blow-up" of the virtual potential temperature on a 1°C scale. 
The lines on the turbulence graph represent the MOS expressions (Eq. 5) where 
the values of U, and T, have been selected to force the MOS expressions to 
fit the lowest two or three data points. The value of q, was obtained simply 
from q, = -.36 (q, - q) where q, is the sea surface value and q is the value 
at Z = 10 meters. In this example, the boundary layer is approximately 800 
meters thick as indicated by the strong peak in . and the sharp drop off in 
the dew point. 
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APPENDIX A 
WET-DRY BULB DATA AND COMPARISON WITH OTHER AIRCRAFT INSTRUMENTS 


Z, altitude 

P, pressure 

W, wet bulb temperature 

D, dry bulb temperature | 

e, partial pressure of water vapor 

H, relative humidity 

1 N., resultant calculation of N from e ! 
T, Rosemount temperature 
N, microwave refractometer value of N 
e, resultant from N | 


ge thee 3.73 x 10° e 
= (T + 273)° 


A-] 


— 
972 602 «SLL «=SsO®s—iLRSCiéSS “LL lL 80 621 0006 «=s«sELZt—Ss«OO‘LLLL 
vel Sle eel ste “22 Eyl OL GEL 866 0002 =«swS9L_~—Ss«iLS9L 
GEL ize 9'l2 Oz 1S LL Zitz €°SL 2001 00s s091 og9t  90/zt 
(‘2 eee «OtcLSCtC«édKE™]:=C‘<‘iéi ;C*é‘éCSU;' LL Zui «O'S seg 0005 = 9idt_—séB LL 
EL 062 L'9l spe » 8'0 6°91 ob O16 000€ 904L —iLOLL 
9°78 60 ESl cO€ ch EZ OSL 468 c00L —«O0E 0S9L 8r9t so/zats 
6°91 91¢ 6'l2 Loc 95 “bh 612 9 $26 00sz2 -6Szl_—Ssé9S ZL 
y'82 BE COb2)SCtCEEC~C«‘iEB:SC«é@9z@~—=<“i«éiGZ]:SS~<“i«é«éZZ~S~<‘«é‘«éiOOLSC;«G+&L vez —2€ ZL 
a ae 7 en) ee ee es |) | zit OztL.«<Cié‘ékO/ZLC<+«*‘CE 
; gl e'l g°2 L'p- 009 ooopt = Z2SL_—Ss«E ZL 
g0z2 «che «62°6k CO CGZEC«‘dLS:Cs‘«iAC(‘<‘ié‘éivO®:SCié‘éKk*LSCOC*«‘*SS WG 0002 9bbl Sb ° 
66L Sse 2°02 OSE 8 gL O02 8Zt StOL oot ezvlizehe(i2O/ZL iz 
| 
| 
SE Ge 2SL 92 € gE bbl O'S LLL 000L  SbbL Ebb 
9°  €lz oO'zkL 902 zw LE GL 82 SOL 0056 —breL~—sbEL | 
Fil ez vi + bw we wa rH (we 00SZs«6zEL—Ss«SEL | 
y'6l Ove 2°€2 he 29 S*BL 62 68L ool zl 90€l EOE L 
2°61 460 eC IZ:S(iE:C«SS:C‘<‘iTSLSC(<é‘éTLZ]:=SC<i«é‘«éi SC*;*«‘éBG 002 lpzt «Sha 
ize 08«69LSti‘iTBC(;‘iTS:C*« oooz “zi Ss€zisoz/tLC (<é$si 
qu Je 4 qu Je Je qu vi pua 423 # 
"9 N L * a q M d Z out) ami, azeg 444 


THE BOM CORPORATION 


THE BOM CORPORATION 


\'Z «20s LSCCOOEC‘d:Ct«é‘«SS'QV+ GEL BL 0001  —«osz S2SL E251 Et/2t ral 
ie wz ll oz 9 S°E tll 6E 096 000z ss ZEzl_—séS EL 
O LO pv bl LOE ty e°9 eo: p20l — 002 61ZL Sit EL/2t Al 
nn en ee ool 90 68 000  OOLL.~—«& SOL 
299 «Cle «698)~—OEtiCidLCti‘“‘«é«‘ 68 6°C \€0L OF £01  O€0L Lt/2t 6 
oz “82 9S O62 te tz z202StC«E 0 068 000r «£091 ~—«009 
"S$ S0e S*® OO ve L'E es B'2 SZ0L _— 00 €0SL O0SL a 
Se 62 €°S 62 ve te 9°¢ «90 066 000L bbs bh < 
cb “82 O72 612 9 OE ve 3 £0 16 o0szsSEhl SOLEIL 
o2 62 9S Ge zw  €Er2 a 098 000$  -9zbl_—sCE bl oL/2t 8 
St 4«S2tCL'E2-siECiSGSC‘i‘Cté‘ié‘éiKTEZC:=“‘é‘é LL 906 000z ~—siLESL.~—s«G 291 
68t 62 €f2 ze £9 G6ZL 22 €°8t 06 0002 SbSL_ EbSI | 
vl 062 ESL €82 8S G6 zl 2°61 6°Et ose 000  SSbi__ESPl | 
€'l2 962 5 OL “ile 9°St S68 OOS  ISbL_ OSPI 10/21 9 
qu Io 4 qu Jo I, qu 44 pua 44e3s 
3 N 1 aa a q M d z aus aw aieg 3 


THE BDM CORPORATION 


APPENDIX B 
FLIGHT DATA TIME SERIES PRINTOUT FOR PC II 


This appendix contains flight data time series printout (about 32 
second average time) for PC II. Figures B-1 through B-14 illustrate the 
flight path for the subsequent printout. The following symbols are used 
for the printouts: 


Alt, 
T, 


altitude 

temperature (Pt resistor) 

Barnes IR sea surface temperature 

microwave refractivity 

partial pressure of water vapor (from N) 

electric field 

rate of dissipation of turbulent kinetic energy (ce) 
temperature structure function parameter 
atmospheric pressure 
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NOTE: Numbers give time in Central Standard Time 


Figure B-1. Flight 1 Flight Track 
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Figure B-5. Flight 5 Flight Track 
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Figure B-6. Flight 6 Flight Track 
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Figure B-9. Flight 9 Flight Track 


B-83 


ees 


Aime Seger, 


THE BDM CORPORATION 


9 °6 96 EN-JES°E PO-7WSe sh 

6° TOF EN-AESG°E PO-ICP’T 
——_ #4496 —— $0 - 3 66S — 0-3 6b OT 
9°T96 £O-39b°b PO-FES°T 
N*096 £0-3F0°Z SO0-SE7°6 
———-P-2-9F-—-£ 9-4 BEF —-6 A-4 ORF 
L£°L96 €0- qae* G p0-dro’9 

R° TOK EO0-A6ETG PO-dCe*T 
———_$* F496 8 FOS SHG PT 
6°096 $O-387°S GO-I609°Z7 

8° LS6 PN-AHEE’ 9 G0-SE7°T 
—-— 9+ 2-8F -—-E 0-F 2" S—- 0-374 °T 
P° TOK EC-AGe* ZS GN-ATe’R 

6° 196 £N-HO9°T SN-TZE°E 

Ja E— GO-ISP°T 

9° SE6 FO0-dLO°b SO-HEETZ 

e- $t6 SO-d20°b 90-8C0°Z 
AAR SHS ° 7 

€°S76 PO-SGL°T GO-SLETT 
T°S26 FO-ARK° ZS 90-3197 °Z 

*€ - = BEEZ 

6° 975 FO-d6L°T 90-26b°Z 
G°626 vO-3bE°T 90-39F°2Z 
——~-t-*FEG-—-- FA-31 FE Of EN OZ 
9°626 PO-3STS°T 90-H60°F 
G°az6 PO-SJTb°T 90-AGLTE 
—— 3th ft 2 E98 0M BETZ E- 
6° R25 PO-390°T 9N-2TS°Z 
B8°P76 £0=-369°% 920-9S6°7 
Siegeae. “acwtale guess ee 
° P06 PN-3PE°S O90-ARETE 

Lotse PO-3GSN°T 9N-19G°F¢ 
“#99 GEG *T 
L°6¢8 GQ-97T°6 3 =—9N-ACLSE 
T°T98 GO-3Sb°S@ 90-AZN* sb 
———_—-2* 09 -—-E fp—-4EF"*F—OH]N THLE 
qui €/2 .w/2_9 €-S/2.u 

d 219 sdj 


R°NP FRES T°GFS? THAT 6G°%@ 
9°99) 6©LO0°D T° Rez GO-nNZ Zur 
Sobor. -O9°ARZ  PpO°OZ ATR 
L°7S «60°F B°Re7 KROET F7°R 
6°LE LOOP E°Reez LE°KT RI’ 
R°49 H2%h ss da ie Comme, th chun i Malika: Al fae 
COVE. 8O°S c-e6eo BR ey SZ" 
N°6NT FS°F 6°N62 EK TRI CEFR 
Z°*89—-SZ*-7 G°HRRE GH°RT- FAOE 
GEC; (6h T°692 E€S°HKT 92° 
6°NS 90°F © ite 8S°6T f°? 
T°TOT 4F°R Z°O62 £EATHZ 26° 
O°STb ST’P L°eez t0°O7 9S°% 
9°ZEOTSO* F e°e@PZ LT°O2 7co"r 
ULES -PS°€ o-€0e-— 21-67 — 4s 
O°SNE 21°? €°Z GL°6T TT’L 
R° LSE S8°T T°S92 «TORT OF°L 
4°Z20b FRET 8°S¢Z €b°hT 2T°L 
6°ESZ NN°? G°SO? G6ETAT SO°k 
9°SGTS (N°Z G°SCOZ PO°KT PZ7°L 
$99 —to--c . S9c Et 61-6 
G°O2sS PT°Z O°2492 Te°ET FR°OD 
9°OTS E2°? G°89%2 SLl°6T 9S°9 
0° L75--¥2°7——_ E° ROT --TL°6T - 6L°9 
6°LSS SZ2°Z T°R9Z «80°02 GO°TL 
L°S7S LT°2% G°L49% ZL°Ne 7#&°9 
2 Or hort bee Ve eee 
TOU “Lec G°L49% 6E°T2 FO0°L 
6° bp 19° L£°99% €L4°T% LOL 
SG ot te ee ee ee 
eet SLT oO LGC 88°1?c Fe-2 
L£°9% 69°T R°TS2 TTRTZ GAL 
G-ey-—_Gt- + ec eS tee 
9°ZE 99°T €°Ge2 OSG°TZ pe°L 
°SC" 69 <1 6°Sb2Z Fh°T? SOL 
ene — Let SOT, eit es oF 
w/A qu qua) 
c | 3 N Si L 


fF F0T 
&7FT 
‘C61 
fZAT 
896T 
7TFT 
tS/LT 
PT46T 
Sz6él 
OvET 
Lc0c 
CEPT 
FC6T 
ST6T 
be A 
$597 
C£6Z 
FEZ 
RPE 
£GC67 
LTE 
£0672 
LZ 82 
99172 
PZUT 
OG 82 
91872 
SH8C 
Lv8Z 
TEH0E— 
TSSE 
99TF 


—86SF— 


OFBD 
Shep 
eceet 


eP i 
71V 


bP OT 
ZT OT 
OF ST 
8 ST 
9 FT 
r tT 
c* ET 
0 £T 
Q2 ZT 
9G TI 
ve At 
7S OT 
07 OT 
fp 6 
9T 6 
bb 68 
€T 2 
i son - 
& [| 
cm 9 
¢ 98 
9€ Ss 
bp SG 
cE OF 
o. F 
82 € 
6S % 
LC. ct 
Ss T 
ws Se Comes fi 
Tm © 
Tt a 
6h 66 
LT 66 
Gh 8s 
€T R&S 
s/u/y 
aut | 


So 
os 


B-84 


THE BOM CORPORATION 


tae S° S707 _£O0+31e “1 _£ h=309"° 1 


T°KZ0T €0-990°2 £0-398°7 
L°6ZOT €0-970°Z «EF N-F30F °2 
———£°O0£0T ¢0=190°¢ ¢0-288°¢ 
€°OCOT EN-ATE*Z £0-397°Z 
9°LZ0T €0-356°Z €0-969°Z 
AS QZOT.._£0-9EL*Z £0-49L°E 
O°TEOT €0-IPe*T €0-976°Z 
@°O€OT FO-IZT°Z FN-BLz°Z 
meh TE OT £0 EG § 60 7.0 5 
Q*TEOT E€0-38T°S E€0-741°9 
9°TEOT €N-31Z*b €0-F0H'S 
ES $66F—£049.66*4-_¢6-35¢.4¢ 
R°IEOT E0-3ER°b €0-3SR'b 
p°TEOT £0-976°b £0-0L°9 
——-£+4£91—_£0-399+8—_€.9-396" §- 
Z°ZENT ZO-360°T Z0-dOL‘T 


© CcOt * 0-201 °1 = cO- ate °T 
~_—-Z“Z£07F -€M=ALR°6 ZN-ALG°T 
Z°ceat €0-de0’é& 720-3cT°T 
O°ceOt €0-a8T"°S C0-acc*T 


——€*€E OE — ZA-ACOE—ZO-4Z0°Z 
———£* FET -29-FEETE— EA-HET'S® 


p°ZENT Z0-3IS*L 720-AGL*Z 
b'ZEOT ZO-SFL°L «Z0-3TR'T 

——-#*ZEPE—EO-3E9B—Z-3FE“Z 
Z*ZEOT 720-3bL°S 7Z0-3N6°Z 
T°ZEOT Z0-3#L°9 7Z0-396°T 

——-A* ZEAE 20-9 606 —ZO-SLT 7 
L*TEOT 70-3L6°S Z0-39%°2 
9°ZZ0T €0-3Eb°B8 €0-397'T 

——-£* 88-0 —_£ PS Et -399°9 - 
€°SL6 €0-399°E PN-A7S"E 
8°h96 £0-36b°b F0-3ES°S 

——£2996-—-E 9-366" 6 —-pN-907 °° 
qu €/2 -w/2_9 €-S/z_w 

d 219 sdq 


T°OTZ S6R°S v.45. 9S°RF.. £9° 9 
€°€072 €0°9 © £1 t£°St ces 
6°6O07 LT°S R°ZTE TE°ST GE°S8 
O- £12--02-S— _6-£1£—_ 8291 LG °S& 
7°22 7@b°9 £°€TE TT9’RT EL°R 
9°€Tz T0°9 Z°TTE GPR°AT €9°@ 
F° FI? LT°9 €°ZTE EL°RT PGR 
R°TT? T2°9 Z°ETE NO°FET OGS*R 
6°L02 8AES 6°TTE Zza°6et T1978 
-O°RTZ-$G°S -- C° FTE QA°KE £2°R 
9°S72 S9°9 6°bTFE TT°6T T0°E 
9°L472 LS°9 G°PTE€ 9T°tT LE°S 
G°7T7-€b°9 A°ETE OF°FT RES 
T°LLT G2°9 €°ETE RP°ET SLR 
G°0PT 82°9 G°€TE EFT 109°R 
G°SE6E F0-9-—— $-°Z7ZTE- 6S°€T 69°98 - 
T’°9722 bb°9 O°FTE £F9°6T 20°6 
0° LOZ ST’°S L°cTte 29°6T €6°8 
9°TEZ 2O°9 T°PTE £O°AT £2°5 
c GG¢ Cz 9 T°€TE Pea°et 62°R 
9°%77 LE°O S§°€TE TR°6T ELTR 
=—E-htc -0G 6 —_ ett 94 -ot te 8 
S°cAc ne °s L°St€ SS°6t FR°S 
L°802 €6°S 7°?T€ 7n°az~ Ss’°s 
6°602 TE°S L°€Te 0°02 08°8 
8-600 te 9 FS te OT 02 £08 
7° 602 62°9 Pp°eTE HO°RZ BER 
@°Tte 90n°g9 E°7TEe LT°oe BARB 
G°b72-TE’°S Gio ec ec te 6 
°C??? 60°9 6°ITE Zee TE*h 
Z°C6T FPS G°L0€ ME°OS CER 
Po EEt FL See CE te 83 
9°06 TRS O°1OE T°nt eVR’h 
7°99) LOPS 0°S6&Z 60°02 LL’°E 
7°9G ~TS°S C°LFZ NFCFT  82°R 
w/A qu qua) 
3 ) N Si 1 


SZ SE OT 
€S FE OT 
IZ FE OT 
66 €£ OT 
LT €€ OT 


Tt TE OT 
6 TE OT 
LE OE OT- 
S O€ OT 
ce 62 Of I 

T 62 OT 
62 ©z OT 
16 12 Of 
SZ L2-0T- 
cs oz or |, 
TZ 92 OT 
6b SZ OT 
LT SZ OT 
Sh #Z OT 
€T b% OT 4 
Tb €Z OT 
6 €Z OT 
L§ 72 OT 
$22 01. 
ce te OF. 1, 
oe am 
6Z 07 OT 
LS 6T OT 
SZ 61 OT 


B-85 


0z RT OT 
Rb aT ot |, 
oT LT OT 


eee 


THE BDM CORPORATION 


0° 9cs EN-SNE°b PN-ICb*s 
L° L068 SN-ANE°T  EH-FLE oP 
£°aLe PO-299°6 FO-JOL°E 
E°RLG PO-ATR°S& PN-ATE’ FP 
——-—O° 846 -—£ 0-4 84°} FN-ADE’G 
_.._ f° OLE  _€O-3TT°T pn-36e’°s 
o°7RE £0-300°Z Pl-3Ne’ sb 
Z°£EG €O-A6E°T €0-300°S 
-—_—__2°S66—__ SO=-39£°€ $0-3¢S’ fF 
€° 266 $O-30b°S $0-3ST°S 
T° 866 $0-s30¢°2 b0-d9Ll’e 
—__._ 6° OF6 $0-3C8°s €0-ANT°T 
6°TOOT b9O-AZO°T Ff-379°6 
G°SOOT SN-SEN°O9 F0-3T9E°S 
——_—_5- SOOT S$O-3ER*S -$N-aCNn’s9 
P°SOOT PO-STIT°T €0-FkLC°T 
6°900T SO-d41T°S FO-3lS°L 
__._ [T° stot $0-3729°$ t0-a1e28°F 
Z°STOT FO-3PE°T &€0-36C9°9 
€°OTOT PO-3Lb°T €0-3Ln°9 
Me =4 = -~32Tg° p 
8°O9TOT S0-3Te’S F0-ATT’e 
L°TZOT FO0-38L°2 €£0-9360°T 
_.._Z*Z70T pN-d1T*g E€Nn-3T0°Z 
L°TZOT PO-3PL°2S EC-Fe7°T 
L°tzot yN-3bO0°S FO-SFO°L 
——__L°$Z01 $0=-379°9 €0-36T°T 
O°LZ0T bO-dEZT°L E0-3IS*T 
L°97ZO0T €0-2b0°T £0-F6T°Z 
__.__I°LZ70T §0-ad6T°’L £0-3Eb°T 
6°97Z0T €90-3SS°T EN-3LE°Z 
O°NMEOT EN-SEB°T EN-3F0°Z 


-——_ 66701 _£0=-219°[] €0-JFf °Z 
8°6¢20T E0-39E°T £€0-997°2 
6°620T E€0-FE6°T E0-TeOvE 


qui 
d 


€/2 w/2_9 
21) 


€-s/2w 
sd3 


6°FO Za°P L° 9R7 
N° TAT {a°s 9°64Z 
6°RIT @L°S 9° Ang 
¥°OITt £1°9 T°E0E 
L°7tt €8°s 3° THE 
S°fTT €n°’s £°70E£ 
F° PIT 927 °S 3° AAZ 
A°SET 9P°S 9° PE 
8° aFT-£6°S -G° Sng 
9°PET OL°S 6° POE 
T°StI e¢°sS L°E0E 
6°£ET 9A°S £° Se 
T°9ST T6h°S y° SE 
E°LET OLS Z° ONE 
S°LOT Z2L°S T° GONE 
S°OST 06°S B° ONE 
L£°z79T 00°9 L°LoE 
B°olT Le°s £° Sor 
F°S6°T 8R°S e°en'e 
€°R89T $6°S 9° 60€ 
-6°691 G8°S  §°snEe. 
9°19T 10°9 y° 60€ 
€°9R8T 9T°9 O°TTE 
6°T6T 16-9 0°Z2TE 
P°LeT SE°9 6°TTE 
7° '6T 17°92 S°ITE 
2° (6196 °9.._ 8-27 ¢ 
P°86T 17°9 €°7TEe 
L°646T 66°9 €°E€TE 
R°aNZ 937°9a £°7ZTE 
c° E02 26°9 c £te 
€°O0t¢C t2°9 T°fle 
jG76-t4 8 c-2i£ 
6§°9T7 $1°9 b°?TE 
&°OT? ZL°S C° OTE 
w/A qu 
3 3 N 


CE°6T S8°E 
OF RT Ont 
ec*“T €T°S 
Ie*4t €9°F 
Sh°LT £8" 
OS°LT Ib'’h 
SS°LT 9OL*Y 
SL°LT 65°S 
Zy°41—$9°S 
O€°LT PA'S 
Tv°LT 16°S 
f£E°LT £8°S 
SE°LT TE°9 
bZ°LT 19°9 
Of°LT £9°9 
7Z°LT «69°9 
SZ7°“T 9L°9 
ceria erty 
py°Sst €P°L 
TS*PT 9S°L 
oo. 
TS°8T S9°L 
6L°RT €0°8 
Seat 77's 
peel s6°l 
LL°RT 00°R 
-66°si sts 
SS°8T LS°8 
es*eT €S°R 
oS'at st°R 
NF RT 0S°S 
oZ°RT eS°e 
ie" 9T 24°8 
T6°FT O'R 
FI°PT BS°k 
qua) 
Si 1 


S *S OT 
€f €S OT 
I £S OT 
6Z 75 OT 
LS 1S Of 
SZ TS OT 
€S Nc OT 
1Z 0S OT 
6% 6F OT 
LI 6% OT 
Sp Ob OT 
€I 8b OT 
It Lb OT 
6 Lb OT 
Le oF OT 
S$ 9¥ OT 
€€ Sb OT 
I Sb OT 
6Z Pb OT 
LS €F OT 
SZ €% OT 
€S Zh OT 
IZ Zb OT 
6f TE CT 
LT Th OT 
Sb OF OT 
ET OF 2T- 
Tb FE OT 
6 6£ OT 
LF BF OT 
c ef OT 
fe LE OT 
T LE Ot 
62 9€ CT 
Le SE OT 
s/w/y 
out | 


& 


B-86 


THE BOM CORPORATION 


O”r°z Z°96T 9T°6T 
EE“2 F° LET 2O°HT 
? L°@6T CS0°6I 

vi Cc T°O07) GE°ET 

At°Z Z°OO2 £LL°RT 
- To P°PET SL’? 
6°T3T 9° RT 


L°6S9 €O-3¢e°S HL-ALG’sS 
— J*£99 __ £-App’sS  pN-nAa’ st 
$°SL9 PO-S1S°8 O-SLS*b 
L°0Rn9 E0=2£9°€ vO-asT°t 
——$"989---- 20-4 b°£ 4 H-ARL'Z 
T° FE9 c0-4d89°8 10 399° 
9°6E9 cf-ALZ°Z «00 4h0°9 


Sool LEU TT 
LLETT Sb @T TT 
LSOLt £1 ct it 
TLEOT T¥ It if 
E99OT & if- Tt 
€eeor LE OT IT 
Cstet S OT It 


. 
el pol ee 2 Oe oe ey 


. 
NOMNNASO 

tay 

N 

. 

N 


e 

i) 

uy 

e 

N 

t 
SNA MM MAM 


MMA YONA ee 
. 
NYO tO eH EMO Da 
e 


—---2° GOL EN-ATE'SG -FN-HETTE °Z BAT T°on7) CHART ‘ £964 Ee 6 TE 

T° Pte £0-d20°E F0-38°8°¢ iG 6L°T o°S0C O72" RT : £996 : S44 

€ Zee PO-SSGE°S = b0-F OR *S ae OL*T CLO? LT RT i OPEE6 be Te at 
——£-GE4L--—-€0-AZO°E 0-499" NE 9S°T €°RBZ  e2O°RAT TKR 6606 ES £44 

6°PEL bO-ACT°L PO-FAO"? BE 2 Sal § € 602 f€T  8I 62°6 Oks Se ok. £4 

€°epl vO-479°L F0-366°T §°b O¢°T e°TT? FI°St 69°6 eLbe t6 9 IT 
-—— &°LGL--EN-AT He °T BN-ATS°E F°S SZ °T L°€TZ Se°rRt al’é ZSTé@ tc 9 4 

T°c9OL PC-SET°6 FO-39t°S £°9 toot P°ST? S9E6°LT 06°6 POEL 6’ S TIT 

SO TLL S0—aE0"e PH-sgIt oc £°9 6c 1 Sit Sit°eT 66°6 £R9L “t S$ TT 
——2-884L—__0-d64-E—$8-379°% E°L Fe°E-— G°612 ST°ST 96°OT 8OrL Sb UF UW@Tt 

0°6eL £0-392°t  b0-aSt"¢c 0°8 6E°T 2°@7? =bc°et Tf°6 OcTL Ei | 6 i 

9° PEL €0-dT9°2S FO-3TE*T 9°8 29°T L°SzZ@ «=€2° BT OT RE 9EE9 15 &£ At ~ 
~———#BOR—__ENeABA*$  FA-ATH°Z F°R 05° T G°67Z  LG°RT &G°R 7EL9 6 4-1 7 

€°Os £0-31O°T bN0-396°E€ ZL 065 °T a°Ztc 3i'er ss°8 TES Es Sey Aa | = 

T°0z8 FO-STC°L bO-HEC°C 72°R 69 "1 L°Cee BURL £L" 8 LT193 Sf We 
———_¥-€£3—__€9-4362-4£—_ $8-aT Ok — °F E—$2°E-—— 8° VES? EZ“ SE- SE°R T¥LS ie 

8°Z98 €0-a82°h E€O-S3ES°T 6°72 RE°T €°6E? THAT vl°L 60FS rs See & 

6° 7S8 SG@ace.e €O-<88°t t°t2 Let 6°Ot2 E£°°RT 8F’e L60S 62 CTT 
— 4° 8E9-. €A$AGZ*H-—EN-AFZT°Z 7°47 - EZ E- C°THZ FSTRT OFF ZTEY LS 6S OF 

¢°8s3 €0-4670°6 €0-aL1°-y Tce doi c°Ttz Tae°st 1S°6 97266 Gz 6S OT 

9°£98 CO-4d838°% EN-3CHR°C €°9% PET C°€pz CAAT 97° CLLE eS 85 Of 

é 


——_—_¥--44£8—_£0-d 96-4 90-4 8L° 6 2° EZ -$2-4-— S°9bC GB" HT —EG°R - SPP TZ - 8S OF 
S°P9e FO-dT6°S PO-F°T°E A°SZ E2°T L°6e2 bR°st Bs°s8 OFT 6F LS OT & 
£° ves PO-SPE°Z SO0-900°6 E€°6T Y9E°T 6°7S@ 98°fT ZER OSRE LT Ls OT 

——— BEF AR —_ $Me dD 6Z-F—- 9N-AZT°9 ZZ CRT SECT T°9S7 TEL°SE 6E°L £9S€ -S% 9G OT- 
L° ots FO-48C°C =80-4RL° hb 6S°Te «TS °T C29e OE St BP PSZE €T 9S OT 
t° 9726 €0-dSc°2 =SO-Fp0"°Oo L°Le LL'T S°¥97 68°8T £6°9 PLEZ Tb Ss OT 

———_¥--4 £4 £6-dZB-Z—_FO-dFE°T O° RZ -94°S- 2° 69S- EFT 2° £692 - 65 SS OT 
b°St6 eo=asy v SO-act"t E€°SE osc O°SLC CL et £078 LLETS z€ os aT 


qui €/2 .w/2_9 €-S/Zw Ss W/A qu qua) 3 s/w/y 
d 213 sdj d a N Sl L 71V out | 


— 


THE BOM CORPORATION 


____£°Zsp ££ 0-3Es*h 00 3N0°H 
€°7Lp €0-30"°E Of 300°N 
L°€Lb’ €0-39T°S 00 300°9 

___ A *LLE = EO-3EL*E = N-3L9°9 
6° TRE CO-FAER°E FO-TeE8Hn’A 
S°98F €90-3T2°2Z €0-37/°T 

__ BB I6b = -397°Z = N-306"8 
£°96b 4 =©6€0-300°2 EC-3ET*T 
C°TOS €0-310°Z% F0-dFS‘*L 

_ B*GOG oF 0-d Ph *T = b0-2LE' FP 
9°OTS £0-317°Z FO-4IZ7Z° 
6°STS €0-S30€°% PFO-AEY’ pb 

_____ 9°61G_ _£0-390°Z £0-4PE°S 
R8°0Z27S €0-389°6 £0-3T2°Z 
6°SZ7S =: ZO-AGT*T €0-307°T 

__ £°OfS = 0-92" £0-2e9°T 
T°RES £O-JS6L°T pO-AEb° RP 
R°ERS £0-3£9°T PO-AFR°Z 

___6°0SS £0-396°I £0-379°9 
T°LSS €0-392°Z2 we-3ZF°L 
O°£9S €0-38S°T vo-35N0°sS 
O°289¢  £€0-3S9°T f£0-319°9 
O°ELS £0-JER°T PO-3Lb°S 
6°@LS £0-3S°T b0O-30S°o 

—_6°£8¢  €0=-36T°I 0-316" 5 

9° 48S EN BIE“ T $O-9KT' & 
L° 96S €N-FJEL°T €0-3SF°Z 
Z°€n9 €0-3T9°T €0-3F2°2 

—_—-9"959 —__€9=-4392°Z_$9-394°¢ 
$°9T9 $0-3627°S PO0-JEE°S 
@°2Z9 «=9b0-3ZE°9 «PO-BhOE 

__—9°6729- _ BN-3FHR*E  $0-7HO°s 
9°FE9 FO-FEL°Z £EN-399°E 
€°Tb9 €0-3N7°Z EO-FIRb'T 

3949 —_£M=aT 92 C9-s4H'°L 
€°€S9 8 FN-3LZ°E «EF 0-FEN'T 

qu €/2.w/2_9 €-s/z.u 
d 219 sdj 


. . . e . 
Segooecrzooqone5 


- 


eT NV On nNVOAINMYNN DONA 
e 
an 


23 


& 
uw 


= 


ois. 67791 . 72 °ST £E°21 
92°b O°POT TL°BT €59°ZT 
62°R €°ROT 29°81 FT°ZT 
Ob°h “°S9T 2S°8t 9S°TT 
Lz" ¥ t Sot OSs°at €F TT 
zo°f £°S9T LG°RE 62°OT 
6E°L  O°9ST S9°ST 20°OT 
€L°E Z2°S9T BL°OT 6b°6- 
zZ9°€ 2-9 COT «ORTAT «T0°F- 
GS°E  Z°L9L 6°ST LS*8- 
6T°E €°99T 90°6T ZO0"P- 
6E°F «= L° ROT «OCLETKT «6S9°L- 
LO°E O9°L9T 22°61 £6 °9- 
9T°£ L°LOT e8T°NZ 6E°S- 
96°2 Z°ROT ZEST 78°S- 
96°Z  9°E9T SO°ET 92°S- 
LL°@ «OT OLT «OKT «TO*S- 
OL°Z €°TLT EL°RT FP*b- 
IL°Z.- Q°ELT FO°Al SE*P- 
SL°Z HLT «LOTRT «SO°b- 
19°€ 9°L4LT LL*AT bL*e- 
gett) 0° Git east $2 *F~ 
oz°€ 86 Z7°TRT «TART 6S6°Z- 
S6°Z  «T°TRT «6OTRT «=F 9°- 
eh 2.6 * 304... $6° 65267 
GL°Z- _-9°ZRE TERT QL°T- 
GL°S ET RRT «OLETET «(027 °T- 
LLU°Z)—OL°SBT «(97° 6T 9 0~ 
bi'S-— ELST LEAT 90°70 
SL°2) ob BPT «ORT AT «6SS*0 
6S°Z O°6ET LRT 6I°T 
99°Z  S°QET “ER°RT $L°T 
GS°2 oP TAT «FRAT «60°7 
Ly°Z = TZKT OBOTET «SL°Z 
99°Z  O°FET TIT OTE 
fv°2 O°SFT #2°RT TO°E 
qu qua) 
a N si 1 


~6S9bT Th 6T- 


=- £2 Berk. Tt 
- S146T $2 TE 11 
= PSool te tt TE 
- 6¥P6T 2S Of IT 
- 60c6T OZ OF TT 
- 9206T 98% 67 TT 
= OF1 81.97 62_f5 
S9ESST FF 22 IT 
creel ct Kx 
Lovet OF 22 ITT 
TRBLT 8 42 IT 
BESit St Sc ii 
B9PLT o.92 
FivLT ct SZ It 
T8TLT 0 SZ 
Z869T 22 b2 TT 
EE99t 49S ke tT 
GLESt ec £2 it 
eoaet. ¢c%.cz2-if 
L6LST O02 dc TT 
€psct &8f 12 IT 
PERSE __ 31 te 
LTtSst vb C2 TT 
OL8tFT €T 02 TT 


FIPPT 6 6T 
TETHI LE RT TT 
o9RET Ss CE TE 
SOSET €€ LE TE 


TECET ae ES Sm: & & 
€svet €2 9T TT 
FTSCE 2S ST TT 


LT9z@T SZ ST TT 


eS€zt €S FIT TT 
9FIZT [2 TI tt -- 
LE8TT 66 ET TT | 
3 s/w/y 

31V out | 


aa OL. _ 0 ZEN") 0 Anh r Le 
Z°TSL 90 300°O0 9 Fo0° 76° N= 
9°TZL 00 300°9oO 00 asats 19 °I- 
6°S69 00 300°O fo B00°H 42° O- 
G°£L9 on 4O0°O 10 306°C 69°O0- 
f°NS9 CO FON °G ny ANn’O #S5°0- 6° 
£9. O00 Ang" O 00 S06" | ee | Lae A 
zZ° L409 00 400°O so Jan's oo" G= = 
£° PAS 00 300°0 O90 300° ZT°O §° 


. 
nn 
o- 


ye OZ & CESL 

N'°N7 ; 6LEF 

ne°n7 Ture 

TL° NZ 6L70T 
[2° 02 LEITI 
NC° NZ } HO07T 
$2" 02 ©2482. 
61°02 SOLET 
£e°ET 7 ZT 
Te°4T ; FEFPT 


. 
NS 


in tein so me ms 
Nes 


WNWNW SYNOD Oe er Kt 


ze) 


. 
SASH SHINN 


We th et te 
. 


wy 


2 
ot 


. 
ae I ES 
' 


own ~~ YD 


L°649 00 4300°0 90 300°9 172 °a 
6°79¢C 90 gJo0°o on 3anAnen VL’ OZ°AT f CLOSET 
G°OPs 00 2N0°O0 An 20n°H 73°0 eT N° LT , NozZ9ol 

wen EG 00 AGG 0 60 Agn' 6 C4. Se Oe 1 69° LT ¥729T 
8°272S 00 300°0 On 300°9 T6°o F So°9oT § IZ€LT 

6° TIS 00 300°O0 60 300°) 09°T Lé°9T : €ZALT 
___1°20S 00 300°0 060 300°A fi ae Ae £7° RT Tezel 

5 °SEt ofr 3700°O 0 F3N0°C f 79°C “ LO°Z FPSET 

£° REP ZC0-43Lb°b «6G BT0N'N £2 °€ cn°o2z 279° NFART 
Senn OL =A eb 8 aH.) i$ Sas as et OL°6T 8L°0T— I8E6T 
b°PlLe €0-36S°E€ nN 32nNn’n 19°€ £9°RT Lb°TT- ST9FT 
9°ELF €O0-dEbv°E OO 300°0 o9°Et FE°E6T LS°TI- 8S96T 
_L°?@Lp  €£0-3990°b 00 300°0 EL°E ( ce°*T 6L°TT- TOLel 

c clr FN-I7E°R NO ANH’?HO ye°e : LZ°4#T Z20°2T- 82L6T 
LE“ cty ZO-SET°S? 00 300°0 ; C6°E oO cient £0 i= -EaLer 


qu €/2.w/2_9 €-s/2.w w/A qu quay ee) 
d 21) sdj 5] 3 Sl L +1V 


' 
o 
~_ 


'@ 
NMWE De 


e 
Nn DD 
' 


THE BOM CORPORATION 


‘- THE BOM CORPORATION 


NOTE: Numbers give time in Central Standard Time 


Figure B-11. Flight 11 Flight Track 
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Figure B-13. Flight 13 Flight Track 
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THE BOM CORPORATION 


APPENDIX C 
LADDER PROFILE DATA FOR PC II 


Ladder profile data for PC II consisting of a graph (Figures C-1 
through C-21) and tabular printout for each profile. The profile locations 
are given in Figure 1 and the MOS scaling data is given in Table V in the 
body of this report. These symbols are used in the following printouts. 


Time, 
Alt, 


hhmmss 

altitude in ft and m 

virtual potential temperature 
temperature 

dew point temperature 

microwave refractivity 

partial pressure of water vapor (from N) 
electric field 

rate of dissipation of turbulent kinetic energy (ec) 
temperature structure function parameter 
pressure 
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